genistein, 2'-hydroxygenistein, 2'-hydroxydaidzein, kievitone, dalbergioidin, cyclokievitone, 5-deoxykievitone, 2'-hydroxydihydrodaidzein, isoferreirin, aureol, glycinol and demethylvestitol. In addition, kievitone hydrate, which was previously known only as a fungal metabolite of kievitone, was isolated together with 3 novel natural isoflavanones which were characterized as 4'-0-methylkievitone, cyclokievitone hydrate and 5-deoxykievitone hydrate.
Introduction
The black gram , Phaseolus m ungo L. (syn Vigna mungo), has been described as p erhaps the m ost im portant pulse cultivated in India w here the beans are eaten whole or split, boiled or roasted, grou n d into flour and used to m ake cakes, bread s and porridge [1] . In view o f the agricultural value o f th e crop it is surprising that virtually nothing is know n of the phytoalexin content o f the plant. To date in the literature, the only report o f a study o f antifungal substances produced by the black gram , failed to dem onstrate any detectable fungal in hibitors in P. mungo pod cavities follow ing infection with Colletotrichum lindem ulhianum [2] . C onsiderin g that other Phaseolus and Vigna species are know n to produce potent fungitoxic isoflavonoids as p h y to alexins [3] , we have investigated the indu cib le and constitutive isoflavonoids o f P. mungo. T he presen t com m unication describes the isolation and c h a rac terization o f 16 isoflavonoids from P. m ungo seed lings following treatm ent w ith C uC l2. ponents o f the zones afforded 16 isoflavonoids which were identified by th eir UV, MS and PM R characteristics. Five o f these com pounds: genistein ( 1), 2'-hydroxygenistein (2), kievitone (3 ), d a l bergioidin (4) and dem ethylvestitol (5) are o f w ide spread occurrence as phytoalexins in th e L egu m inosae [3] and have been rep o rted previously to occur in the genus Phaseolus. Five o f the rem aining com pounds were identified as the isoflavone 2 '-hydroxydaidzein (6), the isoflavanones cyclokievitone (7), 5-deoxykievitone (8), 2 '-h y d ro x y d ih y d ro d aidzein (9) and the coum estan aureol ( 10). T hese su b stances are so far known to occur only in the genus Phaseolus [3, 5] . Two fu rth er P. m ungo isoflavonoids which have been characterised as the isoflavanone isoferreirin (11) and the p tero carp an glycinol ( 12) have not yet been reported in eith er the Phaseolus o r the Vigna genera. The four rem ain in g iso flavonoids isolated from P. m ungo w ere ch a racter ised as isoflavanones. O ne o f these, 13, has so far been encountered only as a fungal m e tab o lite of kievitone. The o th er 3 are new n atu ral products.
Results and Discussion

TLC-bioassay [4] against
The first o f the new isoflavonoids possessed a UV spectrum which closely resem bled th at o f kievitone, having principal m axim a at 292 nm and 345 nm. The com pound was revealed to be a p renylated isoflavanone closely related to kievitone by its PM R spectrum . This included a com plex m u ltip let at <54.47 which integrated for 3 protons and arises from the C-2a, C-2b and C-3 protons in the isoflavanone nucleus and signals for 4 aro m atic protons, th ree o f which ((56.43, (56.49 and (57.07) form ed an ABX system and the fourth ((56.04) show ed no coupling.
The presence o f a dim ethylallyl side ch ain was indicated by signals for 2-C H 3 groups at <51.64 and <51.74, 2 m ethylene protons form ing a d o u b le t at <53.24 and an allylic pro to n w hich gave rise to a broad triplet at <55.20. T he only significant d iffe r ence in this spectrum com pared to th a t o f k iev ito n e was the presence o f a signal typical o f m ethoxyl protons in the spectrum o f the new com pound. T hus this com pound appears to be a m ono O -m eth y late d derivative o f kievitone. C onsidering th a t th e singlet for the C-6 proton in the new co m pound occurs at precisely the sam e shift ((56.04) as th a t for th e sam e proton in kievitone, w hereas the signals for th e ABX protons at C-6 ', C -5 ' and C -3 ' in the new com pound occurred at (57.07, <56.43 and <56.49 respectively com pared w ith values o f <56.96, <56.34 and <56.45 for corresponding protons in kievitone, it seemed likely that the new com pound was m e th ylated at either the 2' or 4 ' hydroxyl o f kievitone.
The existence of a m ethoxyl group on th e B-ring of the new com pound was confirm ed by th e MS which contained an intense M + at m /e 370 (67%) and prominent signals at m /e 2 2 \ (67%) and m /e 150 (78%) which are attributed to the A-ring and B-ring fragments respectively o f the isoflavanone. Also since it is known [6] that in general 2 '-h y d ro x y lated iso flavanones have MS w ith p ro m in en t A-and B-ring fragments whereas the M S o f 2 '-m e th o x y la te d isoflavanones show only intense B-ring fragm ents, the new isoflavanone is characterized as 4 '-0 -m e th y lkievitone ( 13). The location o f th e m ethoxyl at C -4 ' rather than at C -2' was sup p o rted by a positive reaction with G ibbs reagent.
The three rem aining isoflavonoids have been found to be hydrated isoflavanones. O ne o f these possessed a UV spectrum w hich was id e n tic al to that o f kievitone although its b e h a v io u r on T L C suggested that it was m uch m ore p o la r th a n kievitone. MS revealed an M + at m /e 374 (23%), 18 mass units higher th an kievitone and a fra g m entation pattern identical to th a t previously o b served [7] for kievitone hydrate, a m e ta b o lite iso lated following incubation o f kievitone w ith Fusarium solani. PM R confirm ed the identity o f the P. m ungo com pound as kievitone hydrate (2 ',4',5,7-tetrahydroxy-8-(3"-hydroxy-3"-m ethylbutyl) isoflavanone ( 14) .
The second of the hy d rated isoflavanones to be isolated from P. mungo was also fairly p o la r on T L C and possessed a typical isoflavonoid UV spectru m An im portant difference betw een the M ass spectra o f the new com pound and o f cyclokievitone is the existence o f the base peak at m /e 237, in th e MS o f the new com pound, w hich is totally absent from the spectrum o f cyclokievitone. T his peak could be due to the ring A ion resulting from an RD A fragm entation o f the m olecular ion occurring before dehydration. C orresponding peaks do not appear in the MS o f kievitone hydrate or 5-deoxykievitone hydrate in w hich the hydrated prenyl group is an open chain. D reiding m odels revealed that an axial O H group at C -l " or an eq u a to rial group at C -2" in cyclokievitone hydrate could possibly be stabilised by H -bonding respectively to the 7-oxygen or the 1-oxygen in the isoflavanone nucleus.
T he PM R spectrum exhibited m ultiplets at (54.55, <54.40 and <54.23 w hich are typical o f the C -2a, 2b and C-3 protons in an isoflavanone. Signals w ere also present for 4 arom atic protons, 3 o f w hich form ed an ABX system at alm ost identical shifts (<56.53, <56.37 and <56.45) to the signals assigned to the C-6 ', C -5' and C -3' protons respectively in cyclokievitone. The fourth arom atic proton resonates at <55.89, is not coupled and is located at C -6. T he non-equivalent m ethyl groups o f cyclokievitone are replaced by a 6 H singlet at <51.28 in the spectrum o f cyclokievitone hydrate. T he signals for the C -l" and C -2" m ethine protons in the PM R spectrum o f cyclokievitone are absent from the spectrum o f the new com pound and are replaced by m ultiplets at <54.76 and <53.05 w hich integrate respectively for 1 H and 2H. Thus the new com pound appears to possess a substituted 2,2-dim ethylchrom an ring. T he lo ca tion o f the OH group at eith er the benzylic carb o n C -l" or at the vicinal position C -2 " is uncertain.
The biosynthetic in terrelationship betw een the 5-deoxyisoflavonoids: 2'-hydroxydaidzein, 2'-hydroxydihydrodaidzein, 5-deoxykievitone and dem ethylvestitol in P. vulgaris and P. aureus has been proposed elsewhere [15, 10] . It seem s likely th a t this pathway could be extended in P. m ungo to account for the occurrence o f 5-deoxykievitone hydrate and glycinol (Fig. 1) . 5-deoxykievitone hydrate is form ed presumably by hydration o f 5-deoxykievitone and glycinol may be derived from 2 '-hydroxydaidzein
Fig. 1. Proposed biosynthetic interrelationships between
5-deoxy-isoflavonoids in P. mungo.
perhaps via 2 '-hydroxydihydrodaidzein. 2 '-hydroxydaidzein has been suggested as a biosynthetic p re cursor of glycinol in Glycine m a x [19] .
W oodw ard [8, 15] has p o stu lated th a t tw o b io synthetic pathw ays leading to k iev ito n e o p erate in P. vulgaris. O ne pathw ay w ould proceed from genistein to 2 '-hydroxygenistein to d alb erg io id in to kievitone whereas the second pathw ay would diverge at 2 '-hydroxygenistein by p ren y latio n to p ro d u ce 2,3-dehdrokievitone. We have ea rlier p ro p o sed that the sam e two pathw ays o p era te in P. aureus [10] . However in P. m ungo no 2 ,3 -d eh y d ro k iev ito n e could be detected and so p resu m ab ly only th e form er route to kievitone is feasible. T his schem e could be extended (Fig. 2) to account for th e other 5-hydroxyisoflavonoids: cyclokievitone, cyclo kievitone hydrate, kievitone h y d rate, isoferreirin, 4 '-0 -m eth y lk iev ito n e and aureol in P. mungo.
Radioactive feeding experim ents on the b io synthesis o f the 4'-m eth o x y iso flav o n e fo rm o n o n etin [20] and p terocarpans w ith a 9-m ethoxy or 8,9-methylenedioxy group e.g. m edicarpin (3, m aackiain [20, 2 1 ]) and pisatin [22] suggest th a t the m ajo r appear to be produced as a result o f activity by host enzymes. The ability of a plant to catab o lise p h y to alexins has been recognised and m etab o lites h ave been identified in experim ents in w hich exogenous phytoalexins were added to p lan t tissue [25] . T he sesquiterpenoid phytoalexin rish itin can be co n verted to hydrated derivatives by p o ta to tissue [26] 
There is growing evidence in th e literatu re th a t the black gram P. m ungo L. is m o re a p p ro p ria te ly assigned to the genus Vigna [2 7 -2 9 ] . The p resen t study has revealed differences in the isoflavonoids produced by the black gram and o th e r Phaseolus species exam ined to date [3, 10, 18] . P. m ungo produces no prenylated p tero carp an s c o m p arab le to phaseollin or phaseollidin. Also th e ab ility o f th e plant to produce m ethylated isoflavonoids is a feature in com m on w ith Vigna species [30, 31] whereas other m em bers o f the genus Phaseolus do not appear to synthesize these derivatives. The hydration o f isopentenyl side chains in kievitone and phaseollidin has so far b een e n countered only as a m eans o f fungal d eto x ifica tio n o f these com pounds [7, 24] , In the p resent study, the hydrates o f kievitone, cyclokievitone and 5-deoxy kievitone were detected in P. m ungo after tre a tm e n t o f the plant w ith the abio tic elicitor C u C l2 and thus
Experimental
Plant material and extraction o f isoflavonoids
Seeds of P. mungo L., o b tain ed from T h o m so n and Morgan Ltd., were surface sterilized and allow ed to germinate. Control and C u C l2-treated seedlings were produced and isoflavonoids w ere ex tracted into EtOH and then into EtO A c as p reviously described [10] .
Purification and characterisation o f isoflavonoids
Small aliquots o f the EtOAc fractions from the control and treated seedlings w ere subjected to T L C bioassay against Cladosporium cucum erinum [10] which revealed the presence o f several fu n g ito x ic substances in the extract from th e treated seedlings. A ppreciable fungitoxicity could n o t be d etected in the extract from the control seedlings. P u rific atio n o f the fungitoxic substances in the treated seedling extract was achieved by colum n ch ro m a to g rap h y on polyam ide (Polyclar, G a f and Co. Ltd., L o ndon). The initial eluting solvent was C H C l3-M eO H (9-1) and elution was continued w ith an increasing M eOH gradient until fractions no longer contained Fast Blue Salt B-positive substances. T he colum n yielded ten fractions containing isoflavonoids and these were further purified by TLC on silica gel G F 254 in the following solvent systems: H exaneEtOAc-MeOH: 6-4-1 (solvent 1), C H C l3-isoprop anol: 9-1 (solvent 2), H exane-acetone: 2-1 (solvent 3). The distribution o f isoflavonoids in the colum n fractions and their R { values on TLC are given in Table I 
